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I. 
INTRODUCTION. 
In the previous paper  1 a  chemical antagonism between cations was 
demonstrated.  MgC12 produces  an  anomalous  depression  in  the 
activity  of  oxalate  diions  while  NaC1  or  KC1  produces  a  normal 
depression.  The presence of NaC1 or KC1  antagonizes the anomalous 
effect of MgC12 according to the  semi-empirical equation: 
1 --f'2Mg ++  +  Na  ++  K ++A 
k  =  ~  (1) 
1'  ~M~  "  (Ox')l"l 
where f' is the  fraction of  the  oxalate  diions  (Ox  =)  inactivated  by 
Mg  ++ and 1-f' is the fraction not inactivated. 
In this paper we will show that  a  similar behavior is displayed by 
C1- ions in antagonizing the effect of S04= ions on oxalate ionization 
(an effect opposite  in direction from that  of Mg++).  We will  also 
show the result of having Mg  ++ and S04= in the same solution. 
Imo 
DISCUSSION. 
Previous papers  2 showed that sulfates cause a rise in the values of 
pKl' and pKl' of malonic acid above the normal indices required by 
the limiting Debye-Hfickel equation. 
1 Simms, H. S., Y. Gen. Pkysiol.,  1928, xii, 241. 
2 Simms, H. S., J. Phys. Chem., 1928, xxxii, 1121~ 1495. 
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Fio.  1. Effect of Na~$O4 and of Na2S04-NaCI  mixtures on pK~' of oxalic 
acid. 
In the present study we find that the effect of SO4- (alone) on pI(2' 
of oxalic acid increases with the concentration of SO~- according to 
the equation: 
2 
=  (f'- ~) x/s-o~-  (2) 
This is shown in the right-hand curve of Fig. 1 which is drawn to fit 
equation  (2)  and agrees well with the data  (circles).  The value of 
k (= 2.6) is calculated in Table II. 
The presence of NaC1 antagonizes the effect of Na2SO, as shown in 
the curves of Fig. 1 for solutions containing fixed amounts of Na2SO4 
and variable amounts of NaC1.  These curves obey the equation: 
2SO,- q-C1- +  A 
k  =  b  ~'-  2)  (so_)~. 5  (3) HENRY S.  SteMS 
TABLE  I. 
Anion Antagonism. 
2SO4 +  C1 +  A. 
Calculation  of k  =  (f' -- 1) 
(S04)1. 5 
261 
Approximate  S04-  A  k 
Table No.  Anions present*  oxalate  concentration 
concentratlon 
H  S04  = only  ~/100  0 to 0.333  0  2.6 
III  SOl  I and CI-  M/100  0.0083  0.015  2.6 
0.0833  0.015  2.6 
IV  SO," and C1-  •/200  0.0083  0.36  5.5 
0.0833  2.48  5.2 
* Anions present  in addition to the oxalate anions. 
05 
¢  4; 
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FIG. 2.  Effect of Na2SO4, of MgCI~, of MgSO4, and of Na2SO4  -MgC12 mixtures 
on pK2' of oxalic acid. 
The MgSO4 curve is not quantitatively  comparable with the other curves due 
to the difference in amounts of Na  + and C1- present. 
The results  are  summarized in  Table  I.  It will be  noted that A 
•  t~[  ° 
ls'=practically zero  in  all ~/100 solutions.  However in  ~/200  solu- 
tion of oxalate  A  varies  with  the  sulfate  concentration,  and  is  the 
only  case we  have  observed  in which  A  is  not  a  constant with  a 262  CHEMICAL ANTAGONISM O~"  IONS.  II 
given oxalate  concentration.  The  experimental data  are  given  in 
Tables  II to IV. 
The  similarity between  the  first  terms  of  equations  (2)  or  (3) 
and that of equation (1) is shown by the relation: 
f,_  ~ =  1 7, I/f'  (4) 
IH' 
The value off'  =  10 ATPK2'  is less than unity in the data of equation 
(1), but greater than unity for the data of equations (2)  and (3). 
Thus we find that the effect of SO4= on oxalate activity is antago- 
nized by C1- in a manner similar to the antagonism by Na + or K + of 
the effect of Mg  ++. 
III. 
Solutions Containing Both M g++ and S04=. 
We  have seen that  Mg  ++ produces an  effect on  oxalate activity 
in one direction and that SO,= produces a similar (but smaller) effect 
in  the opposite  direction.  It  is  interesting to  study solutions con- 
taining both these anomalous ions.  This  is  shown in  Fig.  2  (data 
in Tables V  and VI). 
The heavy curves in Fig. 2 show the effect of Na2SO, alone, or of 
MgCI~  alone,  or  of  MgSO4  alone.  This  last  curve  is  seen  to  go 
sharply to the left up to 0.03 molar MgSO4, then to turn, and above 
0.1  molar point upwards to the right.  At first, therefore, the effect 
of Mg  ++ predominates over that of SO4=; but as the concentration of 
MgSO, increases the effect of SO4  =  becomes relatively stronger until 
it predominates and tends to neutralize the initial deviation caused 
by Mg  ++. 
There is a  close similarity between this  curve for MgSO, and the 
curves of LaMer  3  on higher valence types of other ions, an effect which 
he  attributes  to  the neglect of  higher  terms  in  the  Debye-Hiickel 
equation. 
We furthermore studied the effect of various proportions of MgC1, 
and Na~SO4 on oxalate activity.  This effect is also shown in  Fig. 2 
in the lighter curves which form a  network.  Each curve  represents 
8 LaMer, V. K., and Mason, C. F., J. A~n. Chem. Sot.,  1927, xlix, 410. H:E~rR'Z s.  s~s  263 
either a  solution with fixed amount of MgCI~ and varying amounts 
of Na2SO4, or vice  versa. 
It is obvious that we have an antagonism between Mg  ++ ions and 
SO4-  ions.  Presumably  this  could  be  formulated  in  an  equation 
involving both equations (1)  and (3)  but we have not attempted to 
do so. 
IV. 
EXPERIMENTAL. 
The experimental procedure is the same as described in  the pre- 
vious  paper  and  requires no  amplification.  The  data  are  given in 
Tables II to VI. 
TABLE  II. 
E~ect of Na~S04 Alone on pK~' of Oxalic Acid.  (See Fig. 2.) 
Calculation of k (where A  =  0) in 0.01026 molar oxalic acid plus 1.462 equiva- 
lents of NaOH plus varying amounts of Na2SO4. 
Na2SO4 
added  v~# 
0  0.142 
0.00417  0.180 
0.0083  0.235 
0.0167  0,265 
0.0250  0.308 
0.0417  0.381 
0,0833  0.520 
0.167  0.721 
0.250  0.878 
0.333  1.010 
pH 
3.986 
3.956 
3.912 
3.903 
3.873 
3.735 
3.785 
3.737 
3.697 
3.683 
b'  pKz' 
1,473  4.030 
1.474  4.001 
1.476  3.954 
1.476  3.945 
1.478  3.911 
1.479  3.871 
1.481  3.818 
1.483  3.766 
1.485  3.723 
1.485  3.709 
pKf 
4.028 
3.976 
3.912 
3. 883 
3,844 
3. 784 
3. 680 
3.552 
3.464 
3.403 
ATpK2'  f' 
+O.O02 
+0.025  1.059 
0.042  1.102 
0.062  1.153 
0.067  1.167 
0.087  1.222 
0.138  1.373 
0.214  1.637 
O.259  1.815 
0.306  2.022 
1.8 
2.2 
2.4 
2.1 
2.2 
2.6 
3.1 
3.2 
3.5 
Average  .............................................................  2.6 264  CHEMICAL  ANTAGONISM  OF  IONS.  II 
TABLE  III. 
Antagonistic  Action of S04" and Cl- on pK.2' of Oxalic Acid. 
Calculation  of  k  (where A  --  0.015)  in 0.01005  molar oxalic  acid plus  1.520 
equivalents of N'aOI-I with fixed amounts of Na2SO4 and varying amounts of NaC1. 
SOc  CI- 
O. 00833  0 
"  0.0050 
"  O. 0125 
"  0.025 
"  0.050 
"  "0.075 
"  O. 125 
"  0. 250 
Avera 
0.0833 
Cg 
~4 
gg 
~C 
0.212 
0.214 
0.240 
0.265 
0.308 
0.346 
0.412 
0.543 
pH 
4.013 
4.008 
3.983 
3.956 
3.915 
3.879 
3.829 
3.741 
1.531 
1.531 
1.532 
1.533 
1.534 
1.536 
1.538 
1.542 
pK~' 
3.960 
3.955 
3.928 
3.899 
3.856 
3.816 
3.763 
3.668 
pr~, 
3.935 
3.933 
3.906 
3.884 
3.846 
3.810 
3.758 
3.664 
ATpKY 
0.025 
0.022 
0.022 
0.015 
0.010 
0.006 
0.005 
0.004 
f  k 
1.059  2.5 
1.052  2.5 
1.052  3.0 
1.035  2.6 
1.024  2.6 
1.014  2.0 
1.012  2.5 
1.009  3.3 
e  .....  ,....  .......  .  ..................... ,  .....................  2.6 
0  0.525  3.853 
0.0050  0.529  3,868 
0.0125  0.536  3.859 
0.548  3.851 
0.570  3.837 
0.592  3.783 
0.633  3  751 
0.725  3.693 
0.881  3.602 
1.012  3.519 
0.025 
0.050 
0.075 
O. 125 
O. 250 
0.500 
0. 750 
1.537  3.789 
1.536  3. 806 
1.537  3. 795 
1.537  3.787 
1.537  t 3.773 
1.540  3.714 
1.543  3.676 
1.544  3.617 
1.549  3.517 
1.554  3.425 
3.676  0.113 
3. 672  0.134 
3.667  0.128 
3.659  0.128 
3.645  0.128 
3.631  0.083 
3:606  [0.070 
3.550  [ 0.067 
3.464  [ 0.053 
3.398  [ 0.027 
1.297 
1.362 
1.342 
1.342 
1.342 
1.211 
1.175 
1.167 
1.131 
1.064 
2.3 
2.8 
2.8 
2.9 
3.3 
2.3 
2.3 
3.0 
(3.7) 
2.5 
Average .............................................................  2.7 
Total average .........................................................  2.6 m~gY  s.  snn~s  265 
TABLE  IV. 
Action of S04" and CI- on 0.005 Molar Oxalic Acid. 
1.520 equivalents of NaOH, fixed amounts of Na2SO4 and varying  amounts of 
NaC1.  A  =  0.36 in first series and 2.48 in second series. 
SO4- 
O. 00833 
~¢ 
c1- 
0 
0.0050 
0.0125 
0.025 
0.050 
0.075 
0.125 
0.250 
0.500 
0.750 
0.187 
0.200 
0.218 
0.245 
0.291 
0.332 
0.400 
0.534 
0.732 
0.866 
pH 
4.077 
4.064 
4.033 
4.010 
3.972 
3.937 
3.881 
3.793 
3.693 
3.624 
b' 
1.522 
1.522 
1.541 
1.543 
1.545 
1.547 
1.552 
1.559 
1.568 
1.575 
pK/ 
4.039 
4.026 
3.962 
3.935 
3.893 
3.856 
3. 790 
3.690 
3.573 
3.492 
3.965 
3.952 
3.929 
3.903 
3. 862 
3.828 
3.768 
3. 670 
3.554 
3.469 
ATPK/ 
0.074 
0.074 
0.033 
O. 032 
0.031 
0.028 
0.022 
O. 020 
0.019 
0.023 
f 
1.186 
1.186 
1.080 
1.077 
1.074 
1.067 
1.052 
1.047 
1.045 
1.055 
Average  .............................................................. 
0.083 
C¢ 
C¢ 
C¢ 
¢¢ 
¢¢ 
¢¢ 
0 
O. 0050 
0.0125 
0.025 
0.050 
0.075 
O. 125 
O. 250 
0.500 
O. 750 
0.510 
0.515 
0.523 
O. 534 
O. 557 
0 1579 
0.621 
0.714 
O. 872 
1.005 
3.937 
3.934 
3.927  [ 
3.920 
3.912 
3.903 
3.867 
3.810 
3.727 
3.676 
1.548 
1.548 
1.548 
1.549 
1.549 
1.550  I 
1.552  I 
1.556  ] 
1.563 
1.567 
3.855 
3.852 
3.845 
3.835 
3.827 
3.816 
3.776 
3.712 
3.617 
3.559 
3.685 
3.682 
3.676 
3.670 
3.663 
3.638 
3.613 
3.555 
3.468 
3.405 
0.170 
0.170 
0.169 
0.165 
0.164 
0.178 
0.163 
0.157 
0.149 
0.154 
1.480 
1.480 
1.476 
1.462 
1.458 
(i .506) 
1.456 
1.435 
1.410 
(1.425) 
92 
93 
41 
40 
41 
40 
34 
39 
52 
81 
55 
53 
53 
53 
51 
51 
(57) 
52 
52 
53 
(60) 
Average  ..............................................................  52 
Total average .........................................................  53 266  CHEMICAL  ANTAGONISM  01~ IONS.  II 
TABLE  V. 
Effect of MgS04 Alone on the Activi}y of Oxalic Dilon. 
0.01025 molar oxalic acid plus 1.462 equivalents of NaOH, plus varying amounts 
of MgSO,. 
MgSO+  v~  pit  b'  pK*'  pl~*  ArpI~' 
0 
0.00313 
O. 00625 
0.0125 
0.0188 
0.0313 
O. 0625 
0.125 
0.188 
0. 250 
0.142 
O. 180 
O. 235 
0.265 
0.308 
0.381 
O. 520 
0.721 
0.878 
1.010 
3.984 
3.722 
3.521 
3.311 
3.211 
3.106 
3.010 
2.952 
2.939 
2.937 
1.473 
1.483 
1.496 
1.518 
1.533 
1.554 
1.577 
1.591 
1.592 
1.588 
4.028 
3.751 
3.528 
3.280 
3.154 
3.014 
2.875 
2.791 
2.777 
2.782 
4.028 
3.976 
3.912 
3.883 
3.844 
3.784 
3.680 
3.552 
3.464 
3.403 
0 
-0.225 
-0.384 
-0.603 
--0.690 
--0.770 
--0.805 
--0.761 
-0.687 
--0.621 
TABLE  VL 
Antagotdsm of MgCl2 and Na~SO,t. 
(0.01005  molar  oxalic acid,  plus  1.520  equivalents  of  NaOFI,  with  varying 
amounts of MgC1, and Na2SOi.) 
Na:S04 
0 
0.0017 
0.0042 
O. 0083 
0.0167 
O. 02~ 
0.0417 
O. 0833 
O. 167 
O. 250 
pH 
4.003 
3.994 
3.983 
3.957 
3.937 
3.876 
3.834 
3.791 
0.00167 M MgCh 
b'  pKt'  &TP  Ka' 
1.531  3.950--0.065 
1.531  3.941  --0.05C 
1.532 3.928 --0.04C 
1.533  3.900 --0.0313 
1.534 3.878 --0.004 
1.536 3.814 +0.03C 
1.538 3.768  0.091 
1.539 3.723  0.171 
pH 
3. 896 
3.866 
3. 881 
3. 866 
3. 852 
3.844 
3.805 
3. 790 
3. 756 
3. 735 
0.00417 M MgCh 
b*  pK~' 
1.534  3.841 
1.535  3.808 
1.535  3.820 
1.536 3.803 
1.537 3.788 
1.537 3.780 
1.539 3.757 
1.539 3.722 
1.541 3.685 
1.5413.664 
&TpK~  t 
--0.164 
--0.179 
--0.14t3 
--0.122 
--0.089 
--0.058 
-- O. 023 
+0.046 
O. 133 
0.200 
pH 
3.686 
3.707 
3.714 
3.724 
3.737 
3.746 
3.744 
3.734 
3.724 
3. 722 
0.00833 ~  MgCh 
--4 
b'  pK2  ~  ATPKY 
1.543  3.611  --0.381 
1.542 i3.634 --0.34C 
1.542 3. 641 --0.30~ 
1.542 3.651  --0.263 
1.542 3.664 --0.20,t 
1.541 3.675  --0.158 
1. 542 3.671  --0.104 
1.542 3.661  --0.013 
1.542 3.651  -}-0.103 
1.542 3.649  0.18¢ HENRY s.  sr~r~s  267 
V. 
SUMMARY. 
Sulfate ions (SOt =  )  produce an anomalous effect on the ionization 
of oxalate  dijon, opposite in  direction to  the  effect of Mg  ++  ions. 
This effect of sulfate is antagonized by the presence of C1- ions accord- 
ing to the equation: 
=  if,-  1) 
2SO~+  C1-  + A 
(SO~-)l* 
wheref' is the antilog of the increase in pK~' due to the sulfate. 
In solutions containing up to 0.03 molar MgSO4 the effect of Mg++ 
predominates over  that  of  SO4=.  Above  0.1  molar  the  effect  of 
S04- predominates and tends to neutralize the initial deviation. 
In  solutions  containing  fixed  amounts  of  MgCl~  and  varying 
amounts of NaSO4 (or vice versa)  the effects of these two salts sharply 
antagonize each other in all proportions. 